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AH ANALYTICAL PROCEDURE FoR DETERMINATION OF 
LIFT AND DRAG FORCES FOR BODIES OF REVOLUTION 
S UMMAfiY 
Very extensive theoretical studies have been made 
concerning the flow about bodies of revolution. In compar-
ison, the experimental treatment of the flow about bodies 
of revolution has been given little consideration. In 
view of the above, it becomes evident that there exists a 
need for a practical analytical procedure fur the pre-
diction o£ aerodynamic Purees on bodies of revolution. 
A study of the tneoretical procedures, coupled 
with an analysis of very recent experimental results, 
suggested an analytical procedure which successfully pre-
dicted the observed drag and lift forces on various shaped 
bodies of revolution. 
Theories for the estimation of aerodynamic proper-
ties of bodies of revolution were found to be very cumber-
some. Most theories required the construction of elabor-
ate sink: and source distributions. The lack: of adequate 
experimental data had prevented the comparison of theore-
tical and experimental results, which was so valuable to 
the development of modern airfoil theory, and as a result 
the characteristics of flow about bodies of revolution 
were neglected. 
INTRODUCTION 
Several procedures are available for the analy-
tical prediction of airfoil aerodynamic characteristics, 
"but the same is not true for "bodies uf revolution. Sarly 
theories of hydrodynamics dealt with the flow of a per-
fect fluid about various shaped bodies of revolution. The 
inadequacy of the perfect flow theory was that while it 
did tell something of the velocity distribution in the 
flow field about the body, it failed to indicate the 
amount and nature of the lift and drag forces. For the 
slow speed aircraft, excepting drag, the other aerody-
namic forces of the fuselage, nacelle, and other exter-
nal bodies similar to bodies of revolution could be 
neglected. However, modern aircraft designs involving 
high area ratios of body to wing will not permit the 
neglecting of these forces. 
Streamline oodles of revolution yield a flow pat-
tern which resembles in many respects that computed by 
the classical methods of hydrodynamics for irrotational 
motion of a non-viscous, incompressible fluid, obser-
vations of the pressure and velocity fields show an almost 
complete agreement with the classical theory except near 
the extreme tail and in the wake. Theory yields no res-
ultant force, whereas experiment gives a small resultant 
force which is not due entirely to skin friction. 
Bluff bodies of revolution offer far more of a 
2> 
challenge to the short-comings of the classic theories of 
hydrodynamics than do the many ^ther contour forms of 
bodies of revolution. The flow breads away at the sharp 
edge of this body, and in theory a singularity is developed 
which always results in an infinite velocity condition. 
Attempts have been made to theoretically imitate the ob-
served type of flow velocity, which is not infinite, by 
assuming surfaces of discontinuity that leave the body at 
the sharp edges. 
In describing the flow about various types of 
models we must fully appreciate factors which are pro-
duced by either turbulence or the limited air stream size; 
when comparing theory t*nd experiment, these factors must 
be realized for their ability to cause large departures 
from the theoretically assumed flew conditions. 
Generally speaking, the flow about bodies of rev-
olution has not by any means been completed. It seems 
very probable that if the theory could be placed in such 
form as to yield the observed curve of force coefficients 
without the aid of experimentally determined constants 
(other than the viscosity and density of the fluid), then 
the flow could be computed about any body. 
i 
Lamb's spheroidal harmonic treatment of the flow 
about prolate spheroids is considered to be one of the 
±jamb, Horace, Hydrodynamics, Fifth edition; 
Cambridge: University press, 1930. pp. 130-1^2. 
4 
most important contributions of all early works that 
pertained to the field of hydrodynamics. This treatment 
is quite lengthy, and is applicable only to a spheroid 
with the major axis parallel to the direction of a fluid 
flow which is irrotational, non-viscous, and incompressible. 
o 
La Vier has presented Lamb's work in an expanded and clari-
fied form. Much of the historical background for this thesis 
was presented in tne thesis by La Vier. 
In the early twenties, much work was done by the 
British concerning the design of bodies which were required 
to offer minimum resistance to motion through a fluid. 
Pannell and Jones presented a viewpoint that suggested 
the possibility of the calculation of a coefficient which 
coula be used to predict the drag effect of increasing the 
length uf cylindrical portion in bodies of revolution. 
Let Crt = resistance coefficient for a model 
cl 
with one diameter of cylindrical body. 
Q„ = resistance coefficient for a model c2 
with two diameters of cylindrical body. 
La Vier, Hurlbut, W. S. "Prediction of Aerodynamic 
Coefficients of Force and Moment Acting of Bodies of 
Revolution", A masters thesis, Daniel Guggenheim School of 
Aeronautics, Georgia Institute of Technology, Atlanta, 
Georgia, June, 1947. pp. 14-22. 
Pannell, J. R., and R. Jones, "Experiments in a 
tfind Cnannel un Elongated Bodies of Approximately Stream-
line Form", Technical Report of the Advisory Committee for 
Aeronautics, Vol. I, Ho. o07, IS>I8-19, pp. ^12-264. 
o 
k = a ratio (the increase of force per 
rease from C1 to C£, to p -v ) 
hi, az = lengths of 0± and C^ respec:-
unit area due to inc G\ Gg» /3 
ively 
D = diameter 
J?i = cube root of volume of iaoael with (D* 
K = Resistant coefficient 
R = Model Resistance 
p = fluid density 
•v = fraid velocity 
Now K = R/pv2 (1) 
CCl = K/JI
2 (2) 
^ CCp = K^TTDfha-h.U (2) 
[i>*D*(h2-KVP 
K is calculates. from the first formula and the value 
obtained introduced into the second formula, by means of 
which the value of k: may be found. It may be noted that 
C and k are non-dimensional, while K is of the dimensions 
jt2. 
Such a calculation was based upon extremely limited 
experimental results owing to the small number of obser-
vations which were available on suitable lengths of models. 
A realization of tnis limitation does not permit any pract-
ical significance to be attached to the calculation. 
kunk4 developed a theoretical method for determin-
ing the distribution of force along the length, applying 
exactly to ellipsoids and approximately to other body of 
revolution shapes. This method is dependent upon general 
considerations of tne changes of momentum of the fluid. 
The shapes of the experimental and theoretical curves are 
similar on various forms of bodies which were useu at that 
time for airship hulls. 
This treatment considered an airship flying in a 
straight line with velocity V, and with an angle of attack 
<£ . in a stationery plane perpendicular to the body axis, 
the air does not move from the vertical disposition of this 
plane, and for all practical purposes Monk considers two-
dimensional flow to exist about the body, which is moving 
transversely. 
The apparent mass of the two-dimensional flow in 
a layer of thickness dX , if S is the area of the circle, 
is PSolX , since the apparent transverse mass of a cir-
cular cylinder, if the flow is two-dimensional, is known 
to be equal to the mass of the fluid displaced, ihe trans-
verse moment urn in the layer is /°SVsin<|> dX . The rate of 
change of tnis is /°vsin<fcdX 
Munk, Max k., "The Aerodynamic forces of Airship 
hulls," IT. S« .National Advisory committee for Aeronautics 
Technical report, Vol. IX, No. 184, 1923. pp. 45^-468. 
But i » r i « ix..VCos4is (1) 
at ax at ax 
nence at any element of length dX there is a trans-
verse force on the airship given by 
-fV^^dX.dF 
12) 
Airships only moderately elongated, have resultant 
forces and a distribution of them differing from those 
given by formula (2) above, in practice, it may be exact 
enough to assume the shape of distribution and to modify 
the transverse forces by constant diminishing factors. 
MunJc presented reasons for multiplying formula 
(2) by the factor kg - kj_, Lamb's inertia coefficients, 
and the final relation for transverse force per unit 
length is, where S is the circular cross section area at 
point X 
(VDfv'S.^j! (3) 
This treatment is essentially based upon the 
proper selection of inertia coefficients, and much experi-
mental data must be made available in order that the cor-
rect coefficient can be selected for the snape distri-
bution which occurs different from the urolate spheroid. 
8 
Prandtl0 advised that the airship hull shape 
closely resembles the streamlined body, which is the only 
body of revolution for which the actual flow about the 
body is very similar to trie calculated flow for a si ailar 
toay in iaeal fluid. His analysis further decIsred that 
the flow could be mathematically determined for bodies 
of revolution if along the body axis parallel with ihe 
flow was placed any suitable distribution of sources and 
sinks taking care that the respective total strengths of 
sources and sinks were the same. Jj'or the smoothest pos-
sible shape, the sources and sinks should be distributed 
continuously along the axis. 
His method consisted mainly of calculating the 
streamlines oy integrating over a surface indicated by 
velocity components, and following tne meaning of a 
stream function that the stream function of a flow due 
to two or more causes is at every point the sum of the 
stream functions of the several partial flows. By putting 
the total stream function ecual to aero, vields the 
equation of the body surface, and by putting the total 
stream function euuaf LO any number of constants, yields 
the streamlines about the body. 
°Prandtl, L., and ^. 0. Tietjens, "Applied Hydro-
and Aero-Meehanice", l!cGr&w-Hi 11 Book Co., Inc . , ITew Yorfc, 
1934. pp. 137. 
. 
jerom the r e l a t i ons 
^'-firifi I 1 ' 
And -v^i^lx (2) 
Bernoulli's equation may be applies 
r,.-£[v<-(«W)j „, 
and the pressure distribution preuicted for the bodv. 
vtfiere 
M - velocity component parallel to X - axis 
V = velocity component parallel to Y - axis 
*f = stream function 
X = any point in a plane perpendicular to 
X - axis 
p = pressure at point on body surface 
P0 = free stream pressure 
P = stream density 
V = stream velocity 
Prandtl's report includes sketches of various 
streamline body pressure distributions, and clearly por-
trays the close agreement between theory and test results. 
This theory holds true only when the body axis is in line 
with the stream flow, and therefore is not applicable for 
various angles of attack. 
pressure distribution about and resistance of simple 
quartics fixed in an infinite uniform stream of practically 
10 
CL 
incompressible fluid has been treated by Zahm • He deter-
mined the velocity potential <t> and stream function *f 
for the sphere, infinitely long cylinder transverse to 
flow, elliptic cylinder, prolate spheroid, oblate spheroid, 
and circular disc normal to the flow. From the velocity 
potential and the stream function, the velocity component 
7 
formulas were derived for each quartic La Vier has 
clearly defined the important mathematical expressions 
and relations, and this author will not attempt any further 
clarification. 
For the problem of oblique flow, Zahm conducted 
an analysis which in essence was to resolve the oblique 
stream in chosen directions into component streams each 
having its individual flow value at a given point. Combin-
ing the individuals yielded the resultant velocity, whence 
the pressure is found. This solution would involve a new 
flow pattern analysis for each oblique flow angle, and 
would therefore be too cumbersome for practical usage. 
A comprehensive comparison of tneoretical and 
experimental determination of the distribution of preS-
sure over a prolate spheroid was conducted by Jones • 
°Zahm, A. F., "Flow and Drag Formulas for Simple 
Quartics", XI. S. National Advisory Committee for Aeronautics 
Technical report, Wo. 2o^, 1926. pp. 22. 
7 la Vier, JD£ cit. , pp. 5-3. 
Q 
Jones, R, "The Distribution of formal Pressures 
on a Prolate Spheroid", Advisory Committee for Aeronautics 
Reports and iviemoranda, No. 1061, 1926-7. ppl 616-602. 
11 
This study resulted from the desire to develop procedures 
by which airloads might be predicted in the design of 
airship hulls. Actually, this report is important for a 
two-fold reason: It has quantitative experimental data 
compared with theoretically determined pressures and forces; 
also, the analysis takes into consideration oblique flow, 
and the mathematical treatment can be handled, even though 
with difficulty. 
Q 
Jones utilized Lambfs Spheroidal Harmonics method 
for mathematically determining an expression that could 
predict the pressure distribution, This aathor will not 
attempt to present an analysis of this procedure, but feels 
it is sufficient to say that Jones was able to integrate 
the pressures and he obtaxnea drag and lateral force values 
which were in good agreement with the experimental values. 
In the early thirties it was now evident that some 
theoretical data was available for the pressure distribu-
tion over ellipsoids with axes at angles to the wind and 
experiments had been made on a prolate spneroid in recti-
linear motion, Experimental data were available for special 
shapes used for airship nulls, and approximate methods had 
been developer for tne computation of the pressure distri-
bution over these hulls. 
Approximate methods had been developed for finding 
.Lamb , JJOC . cit. 
12 
the source and Si.nk distribution giving rise to particular 
shapes, and the source and sink method was extended by 
Karman to trie case where the body axis was at an angle 
to the wind. This procedure assumed that the flow is pro-
duced by superposing a flow arising from a system of sources 
and sinks on the parallel flow of velocity U. Tne system 
consisted of line sources and sinks of differing strengths, 
in which the yield per unit length is kept systematically 
constant over the hull length until the resulting flow or 
streamline pattern has a stream function fP - 0. This 
boundary then approximates the hull contour. 
Karmen's entire procedure is extremely cumber-
some, and must be considered, impractical for design work. 
A flow pattern must be determined for each angle of attack, 
and finally the pressure distributions must be integrated 
to yield the transverse force distribution. For the 
symmetrical flow case, this procedure would not ^ield the 
drag, anu one obliq.ue flow case will not yield the normal 
force. 
Upson and ivlickoff-^ nave further developed Jonesfs 
1 Q 
von Karman, The odor, "Calculation of Pressure 
Distribution on Airship Hulls", U. S. National Advisory 
Committee for Aeronautics Technical memoranda, No. 574t, 
July, ISoQ. pp^ ^7. 
' Upson, Ealph II., anu ;*'. A. IClikoff, "Application 
of Practical Hydrodynamics to Airship Design", U. 5. 
National Advisory Committee for Aeronautics Technical Report, 
No. 405, 19^2. pp. 123-132. 
IS 
Jones, _oj3. cit. , pp. 519-526. 
13 
theory for ine calculation of pressure and force distri-
butions for a prolate spheroid. :ihese two men were seek-
ing a conservative estimate of the shear forces over the 
hull length of an airship, and they were satisfied to get 
a relation which was basea upon perfect fluid flow. There-
fore, their results were not modified to account for the 
differences between theory and experimental. 
They suggested that an equivalent spheroidal shape 
could De chosen so as to have the same apparent mass propert' 
ies as any arbitrary body of revolution, and this reason-
ing led this author to consider a further modification of 
their theory as the basis for tfcus thesis. La Vier's^ 
analysis of Upson and IClickoff rs report has clearly pre-
sented the necessary relations which lead to the following 
expression for transverse force per unit length of body 
^ F ZO — I T Y Sm£c* SxrxZQ 
where q. = % V^ 
A = 1 + K-L 
B = 1 • K2 
K-j_ and K£ are Lamb's Inertia Coefficients 
for prolate spheroids (see figure 16). 
Y = radius of spheroid, at point on spheroid 
surface. 
<X = angle between spheroid major axis and 
1 A_ 
•"•"la Vier, _0£. cit. , pp. ̂ £-£5, 
14 
tangent to point on spheroid surface (see figure 17). 
© = angle of attack 
A considerable study of bodies of revolution has 
been conducted at the Georgia Institute of Technology. Ln 
a report by Bryan , very sound data has been accumulated 
concerning the apparent mass inertia coefficients of 
various bluff bodies of revolution, and these data have been 
incorporated in the theoretical analysis of this tnesis. 
Rainey1^ conducted excellent experiments for the deter-
mination of aerodynamic characteristics of various shapes 
of bodies ox" revolution. These results show excellent 
agreement when correlated wixh the small amount of data 
from previous experiments that were conducted for the same 
purpose, and his data have been used for correlation with 
the analytical prediction results in this report. La Vier's-^ 
report describes an analytical prediction of the drag, lift, 
and moment characteristics for bodies of revolution. His 
work lacked experimental data for comparison with the theory, 
l£iBryan, Colgan H. , "Apparent Additional Mass 
Characteristics of Various Bluff Bodies of devolution", A 
Masters thesis, Daniel G-uggenheim School of Aeronautics, 
Georgia Institute of Technology, Atlanta, Georgia, September, 
1948. pp. 82-85. 
1 Rainey, Robert w". , "Experimental Determination of 
Aerodynamic Characteristics of Cylindrical and Spheroidal 
Bodies of Revolution", A Masters thesis, Daniel Guggenheim 
School of Aeronautics, Georgia Institute of 'i'echnology, 
Atlanta, Georgia, March, 1948. pp. 33-37. 
14La Vier, Q£. cit., pp. 26-33. 
15 
and must be considered in this light when analyzing the 
report. Much of his theory is the basis for this report, 
and by extensive modifications his work has been developed 
into the theory which appears in this report. 
16 
DEV2L0P1CTT OF THE PROCEDURE 
Prediction of normal Force* 
The formula for 4 i'T
15 may be expressed as the 
theoretical transverse force distribution1^ for the pro-
late spheroid, A study of this formula for the incre-
mental force per unit length of hull 
flFT=^^-YS,n2*S.n2© (1) 
indicated that the only variable term which is a func-
tion of the fineness ratio, is 
Y Sin 2 <* (2) 
accordingly, dividing the spheroid into increments of 
length and plotting the variation1^ of the above function 
with length, The basic pattern is obtained for the theoret-
ical transverse force distributions for prolate spheroids 
of fineness ratios in the interval 2 — 'ol —tO 
It was observed that if a mechanical integration 
were made of the area under Y Sin £ °C, then the form of 
lb 
Uf. ante., p. 13. 
" La Vier, og. cit., P. 68, Figure 6 
1 7 
Ibid., pp. 44-ol. 
17 
this function became 
£ Y Sin Z°C (3) 
Now the resultant theoretical transverse force relation 
was 
F sg7r^. fYSine<*Sin2© 
14) 
and the theoretical transverse force coefficient was 
obtained by 
A 6 ZVS^g<*Sm?6 
"o(/\fteA) ~"^~ C / ( A R E A ) -fe=«4fc 2 
where 
Area = body cross-section area 
Actually, none ol the above relations would 
yield any value other than zero because they were based 
upon perfect flow conditions in which there can be no 
resultant lift force. However, the train of thought 
permitted the development of relations which would apply 
to the actual flow case* 
As Y Sin £<* was a geometric function of fine-
ness ratio, and could not vary from the original theore-
tical distribution, it was considered that the result-
ing spheroid KY Sin Z°< distribution for actual flow was 
18 
an equivalent value where K « / (Y Sin 2°<), and Formulf 
(5) now took: the form 
Cw = ^ £ *" lb) I 
Area 
formula (6) was applied to prolate spheroid data-^ 
in the following manner. For the individual spheroid, 
ijambTs inertia Coefficients were obtained from Figure 1; 
CJJ, ^ 2 , Sin 2 0 , and body Area values were placed in the 
formula, and values were obtained for Z&Y Sin 2°< as 
shown in figure 2. 
Formula (6) was then applied to data for bodies 
of revolution with bluff, conical, and hemispherical faces-
First, from Figure 3*, the equivalent prolate spheroid 
was determined for the above respective bodies of revolu-
tion, and xiamb' s Inertia Coefficients were found in Figure 
1, for tne equivalent prolate spheroid. jpon the appli-
cation of G , fyZ% Sin £6 , and the Areas for the respect-
ive bodies of revolution to formula {&), Figure 4 was 
1 Q 
Rainey, ££. cit. , p. 36, Table IV. 
19Ibid. , pp. 33-35. 
20 
^Bryan, cja. cit. pp. 32-8o, Figures 7, 8, 9, 10. 
19 
found to illustrate the pattern of the ratios for the 
equivalent spheroid flow values of JfKY Sin 2 <* over the 
2" KY Sin 2°< equivalent values for the bodies of rev-
olution . 
un applying the above analysis to bodies of rev-
olution in a variety of tests, the normal force coeffici-
ent was predicted in the following manner from the relation 
GW " n / * g £ KZ Sin 2* Sin 2« / Area 
For the given body of revolution, obtain the 
equivalent spheroid fineness ratio from Figure 3, and then 
determine from Figure 1 ̂ amb's inertia Coefficient Pro-
duct AB, using the equivalent spheroid fineness ratio. 
Using the original body fineness ratio, obtain JkY Sin 2 °< 
from Figure 2 for a prolate spheroid, multiply -this latter 
value by the ratio obtained from figure 4 for ?KY Sin 2°c 
of the spheroid over JfKY Sin 2<x for the original body 
of revolution, and place the product in uhe normal lift 
force coefficient formula. Sin ZS , ^/z^ and the original 
body cross-sectional are applied, and the complete formula 
will provide the predicted normal lift coefficient. 
Figures 6, 7, 8, and 9 portray the accuracy of 
predictions. 
20 
Prediction of urag. 
^arly experiments21 revealed that for all practi-
cal purposes, OV is not a function of Reynolds number in 
either the laminar or turbulent flow ranges for "bodies of 
revolution. This analytical prediction of drag for 
bodies of revolution was based upon test conditions con-
ducted over a range of Reynolds number from £14,000 to 
2,800,000, and no difficulties were encountered with 
the prediction method, experiment indicated that the 
proportion of total drag due to friction is small, or the 
variance of C^ with Reynolds number is not great on either 
side ox the transition range for bodies of revolution. 
1'he initial approach to this problem was to class-
ify the 0-n . values for the various bodies of revolution 
^mln-
at zero angle of attack:. figure o indicates the result of 
this classification procedure, and the various oody shape 
curves are in excellent agreement Wxth similar results 
achieved bif many sources. 
.ill available published and unpublished data, when 
plotteu with CTJ VS. © , indicated a cluse relationship 
between the slopes Jf/j for fineness ratios common 
to ode various bodies of revolution except the spheroids. 
21 
von uises, Richard, Iheury of .blight, Hew York:: 
McGraw-Hill î ook: Co., 1945. pp. 99-105. 
Further analysis revealea that for each fineness ratio, 
an eq.uazion of the form uD = C-p + dCp/d^L £
 w a s 
applicable, ana Table I indicates these slope values 
for the various bod^ shapes-
For the spheroids, earlier data indicated and 
checked with recent tests, the fact that C^ d-id- no^ 
change appreciaoly for a varying fineness ratio, at zero 
22 
angle of attack, as indicated by figure 6 > until the 
very low fineness ratios 4 are approached. These latter 
ratios are in the flat olate range, and hish C-n • 
values can he expected. 
Accumulated data indicated for the spheroids 
that as the fineness ratio increased, the curves f°r 
CJJ vs. © yielded equal slopes, for ail practical pur-
poses. On the basis of this analysis, an equation of 
the form C-n, = G-n . + ACv/d€\ & was applicable, and 
I> i'mm. JA/j •" 
Table 1 indicates the value of dCp/«l©Jji/̂  which is 
common to all spheroids investigated. 
The following procedure for predicting the drag 
coefficient for bodies of revolution, is based upon the 
above analysis. 
op 
Hainey, _oj). 5ii*» P* ^* Figure 12. 
2SCf. post., p. 46, Figure 15. 
Given a body of revolution, obtain that body's 
classified C-n . from Figure 5. Then refer tu Table 
1, where the A^ld&i^ value may be found. Apply the a 
factors to the following equation, and obtain the pre-
dicted C-Q valoie 
CV = CVnin.+ iC*U6l*/di6 
Figures 10, 11, IE, 13, 14, and 15 illustrate 
the accuracy of this prediction method. 
Demonstration of procedure 
A cone face cylindrical body of revolution, 
Figure IS, was recently testea at sixty-six miles per 
hour. The xest data of coefficients for drag and lift, 
and the transfer or these lift coefficients perpen-
dicular to the longitudinal axis are presented in Table 
II. A comparison of predicted normal lift coefficients 
and drag coefficients is also shown in Table II. 
The fineness ratio for this body was J?/d = 6 
and reference to Figure 3 gives an equivalent prolate 
spheroid of 
which has the same apparent mass characteristics 
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as the test body of revolution. 
forJ% r 1.87, and from Figure 1, 
AB = 2.067 
or if A3 = 3.24 
S~ 
Now, for the test body, Md = 6, Figure 4 yields the 
Correction Ratio = 1»382 
and Figure 2 gives 
fKJ Sin E°< = .ObllaE 
for a spheroid of */d = 6, where 
a = body length a 0.375 ft. 
2 
The corrected ?Ky Sin 2** for the test body is 
Correction Ratio {I KY Sin 2« ) 
or 1.382 ( .0311) ( .37o)E 
Values of the predicted normal force coefficients for 
several angles of attack are then found by the relation 
Cw = fr ̂ B fiCy Sin 2<* Sin Z& / Area 
^ 2 
or 
CH = 3.24 (1.382) ( .Oall) ( .375)
SSin2 /.01266 
where .01266 so,- ft. is the maximum body cross-section 
area. Table II reveals the wevy close agreement between 
these predicted lift values and the test values. 
As was stated in the drag prediction procedure » 
Cf. ante., p. 20. 
a value of 
Cp. = 0.496 
^min. 
is found in Figure o, for the test body of 
Xfoz 6 
For this fineness rat io , Table I expresses 
*G*/*e{jr4 '
 1 , M 
for the body of revolution with a cone noae. The C-Q 
values of the body, foi* varying angles of attack, may 
now be predicted by 
l> % m . -vd 
or C^ = 0.496 4 1.33 (© ) 
Reference to Table II shows the close agreement between 
these predicted drag values and the test values. 
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C03STCLUSIQHS 
A study of theory and experiment concerning the 
aerodynamic forces about bodies of revolution, regard-
less of shape, confirmed the classic theory that the 
forward flow region which results from fluid flow about 
these bodies does act in conjunction with the body, and 
approximates an ellipsoidal shape which is consistant 
with potential flow theory. 
This study revealed definite patterns of relation-
ships between the lift and drag coefficients for the same 
fineness ratios of the bluff, cone, and hemisphere face 
bodies of revolution, and the oblate spheroid when these 
bodies were at varying angles of attack. A further analy-
sis of these patterns was curtailed by the lack of more 
experimental data for nose configurations of varying 
degrees of cone angle, and different radii of nose con-
tour curvature. 
The analytical prediction for the coefficient 
of normal lift force was accurate within ten percent of 
the observed test data for angles of attack: that varied 
from zero to nine degrees. The predicted values have 
indicated a tendency to converge upon the test data 
as though this solution is very similar to some form of 
a series function, and further investigation should be 
made for a possible series type solution as a method 
of analytical prediction. 
Detailed experimental data of the aerodynamic 
forces for these bodies is needed in the fineness ratio 
range < 2, where some body of revolution configurations 
begin to approach a flat plate and a sphere. 
Flow pattern data for the various bodies of 
revolution must be supplemented so as to realize a more 
complete appreciation of tne similitude of relations that 
exist between all bodies of revolution when their respect-
ive flow patterns are compared with the flow about pro-
late spheroids. 
The drag force prediction method should be in-
vestigated through a range of greater than the nine 
degrees angle of attach which test data made available. 
Possibly a more complete picture of the C-̂  vs. angle of 
attack would permit a curve fitting equation to be applied 
rather than the straight line slope method used in this 
solution. In this angle of attack range, the analytical 
predictions were within ten percent of the test drag co-
efficients. 
In general, the classic potential flow theory 
will not lead to a solution of the flow characteristics 
about bodies of revolution unless modifications are 
utilized that will eliminate the problem of infinite 
27 
velocities about sharp-edged contours. The procedure 
for predicting aerodynamic coefficients of drag and lift 
developed herein will expedite preparation of reason-
ably accurate predicted aerodynamic design data* 
This investigation was limited to the subsonic 
velocity range, and extensive research should be conducted 
for a method which would lead to an analytical prediction 
of the drag and lift forces about bodies of revolution in 
the supersonic velocity range-
28 
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TABjuE I 
COEFFICIENT UF DRAG VS. AHGLE OF 






For f/d = 2 
dCD/a ie]^ 1.02 1.02 
F o r i / J = 4 
dCo/d©]*^ .99 -99 
For Jtfd - t> 
acD/dG]^ 1.33 1.33 
For i/<J = 8 
ac»/a©lpa 1.30 1.30 
For i/</ = 10 
dGt»/ae]^ 1.60 1.60 










COMPARISON OF PREDICTED AKD 
MEASURED LIFT AMD DRAG COEFFICIENTS 
(2 ) (3 ) (4) 
Cos 3 S i n 0 GL 
( T e s t Data ) ( 
1 .000 
.999 




. 1 0 5 
. l o o 
. 000 
.127 
. 2 6 2 
. 3 8 1 
17) (8 ) (9 ) 
C L C o s 0 CjjSin© C % e s t 
1 7 ) « ( 8 ) 
.000 
.127 




. 0 6 5 
. 110 
. 0 0 
.16 
. 3 3 
. 48 
( ID (12) (13) 
±e CD 
t P r e d i c t ) 
CD 








. 7 0 
. 4 9 
. 5 4 
. 6 2 
. 7 0 
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FIGURE 1 
LAMB' S PROLATE SPHEROIt INKRTIA COEFFICIFNT PRODUCTS 
; 1 ; r-
r . -• 
j 
: 
::—i — — i :—~ — , — . — ~ — i , 
: ': ii: : -
„ ——~+- _ 
.. : : 
: 
: . : : ; . . 
1 , : 
• 
--
• • • ; • — — 
'.:.::. i : . : . 
: .'.'.'.'.'....I r — . : 7 ».™ — ~ - ^ : 
— -. — , _____ j 
: - — : - - - • 
\ : : — : — ! — — 
i . J .. j 
::•: t : : r i : : • \ 
• 
:—:__: 1 
" : ' = : : : : ' \" . ;.::::_; - - - - • * - - - • 
' : . • • : : : : ! ____ 
• H , p — ~ — • 
\ i _ 
• - — 
; ; 1 
m m 
— :- : -
- v.'". 








































COMPARISON OF DRAG COEFFICIENTS AT ZERO ANGLE OF ATTACK 
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NORMAL LIFT COEFFICIENT FOR PROLATE SPHEROID 
MAX. DIAM. = 1.5 IN. 
-10 0 2 4 




NORMAL LIFT COEFFICIENT FOR BLUFF FACE BODY OF REVOLUTION 
MAX. DIAM. = 1.5 IN. 
-10 -8 -6 -4 -2 0 2 4 6 8 10 
ANGLE OF ATTACK 
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FIGURE 8 
NORMAL LIFT COEFFICIENT FOR HEMISPHERE FACE BODY OF REVOLUTION-
MAX. PIAM. = 1.5 IN. 
-10 •\ • 4 - 2 0 2 4 
ANGLE OF ATTACK 
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FIGURE 9 
NORMAL LIFT COEFFICIENT FOR CONE FACE BODY OF REVOLUTION 
-10 0 2 
ANGLE OF ATTACK 
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FIGURE 10 
DRAG COEFFICIENTS FOR BODIES OF REVOLUTION 
MAX. DIAM. = 1.5 IN. 
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DRAG COEFFICIENT FOR BODIES OF REVOLUTION 
MAX. DIAM. = 1.5 IN. 
1/d - 4 
-10 -8 • 4 - 2 0 2 
ANGLE OF ATTACK 
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FIGURE 12 
DRAG COEFFICIENT FOR BODIES OF REVOLUTION 
MAX. DIAM. - 1.5 IN. 
1/d = 6 
1.2 
-10 -8 - 6 - 4 - 2 0 2 4 8 10 
ANGLE OF ATTACK 
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FIGURE 13 
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DRAG COEFFICIENTS FOR BODIES OF REVOLUTION 
MAX. DIAM. =1.5 IN. 
1/d = 10 
1.4 r-̂ -r 
-10 • 4 - 2 0 2 4 
AN'GLE OF ATTACK 
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FIGURE 15 
DRAG COEFFICIENT FOR PROLATE SPHEROID 
MAX. DIAM. = 1.5 IN. 
-10 -8 - 2 0 2 4 
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